19 DNA barcoding is highly effective for identifying specimens once a reference sequence library is 20 available for the species assemblage targeted for analysis. Despite the great need for an improved 21 capacity to identify the insect pests of crops, the use of DNA barcoding is constrained by the lack 22 of a well-parameterized reference library. The current study begins to address this limitation by 23 developing a DNA barcode reference library for the pest aphids of Pakistan. It also examines the 24 affinities of these taxa with conspecific taxa from other geographic regions based on both 25 conventional taxonomy and Barcode Index Numbers (BINs). A total of 809 aphids were 26 collected from 123 plant species at 87 sites across Pakistan. Morphological study and DNA 27 barcoding allowed 774 specimens to be identified to one of 42 species while the others were 28 placed to a genus or subfamily. The 801 sequences obtained from these specimens were assigned 29 to 52 BINs whose monophyly were supported by neighbor-joining (NJ) clustering and Bayesian 30 inference. The 42 species were assigned to 41 BINs with 38 showing BIN concordance; one 31 species (Rhopalosiphum padi) was assigned to two BINs, while two others (Aphis affinis, Aphis 32 gossypii) were assigned to the same BIN, while one species (Aphis astragalina) lacked a 33 qualifying sequence. The 42 Linnaean species were represented on BOLD by 7,870 records from 34 69 countries. Combining these records with those from Pakistan produced to 60 BINs with 12 35 species showing a BIN split and three a BIN merger. Geo-distance correlations showed that 36 intraspecific divergence values for 18 of 37 species were not affected by the distance between 3 37 populations. Forty four of the 52 BINs from Pakistan had counterparts in 73 countries across six 38 continents, documenting the broad distributions of pest aphids. 39 Key words: Hemiptera, plant-pest, DNA barcoding, Barcode Index Number, COI, Pakistan 4 40 Introduction 41 Although aphids (Hemiptera: Aphididae) are important plant pests, their life stage diversity and 42 phenotypic plasticity have constrained the development of effective taxonomic keys [1,2]. With 43 over 4,700 described species, the Aphididae is the largest family within the Aphidoidea [3]. Most 44 pest aphids belong to the subtribe Aphidina which includes 670 described species [3,4]. Nearly 45 100 aphid species have been listed as serious agricultural pests; they attack more than 300 plant 46 species [5,6], and lower crop yield by direct feeding and by transmitting viral diseases [7].
9 142 different parameter estimates. The evolution of sequences was modelled by the GTR+Γ model 143 independently for the two partitions using the ''unlink'' command in MrBayes, and the best 144 model was selected using FindModel (www.hiv.lanl.gov/cgi-bin/findmodel/findmodel.cgi). The 145 analyses were run for 10 million generations using four chains with sampling every 1000 146 generations. Bayesian posterior probabilities were calculated from the sample points once the 147 MCMC algorithm converged. Convergence was defined as the point where the standard 148 deviation of split frequencies was less than 0.002 and the PSRF (potential scale reduction factor) 149 approached 1, and both runs converged to a stationary distribution after the burn-in (by default, 150 the first 25% of samples were discarded). Each run produced 100001 samples of which 75001 151 samples were included. The trees generated through this process were visualized using FigTree 152 v1.4.0.
153 BOLD was searched for barcode records for the 42 Linnaean species encountered in this study. 154 The resultant records were examined for BIN assignment [35] and used in a geo-distance 155 correlation analysis to examine the relationship between geographic and genetic distance in each 156 species. Two methods were employed in the latter analysis; the Mantel Test [64] was used to 157 examine the relationship between geographic (km) and genetic (K2P) distance matrices, while 158 the second approach compared the spread of the minimum spanning tree of collection sites and 159 maximum intra-specific divergence [65] . The relationship between geographic and intraspecific 160 distances was analyzed for each species with at least one individual from three or more sites. 161 BINs recovered from Pakistan were also used in BIN-overlap analysis on BOLD to ascertain the 162 incidence of unique BINs in a region, and to estimate overlap in BIN composition.
164 Results
165 Morphological analysis facilitated by the barcode data allowed 774 of the 809 specimens to be 166 identified to 42 species, each an important crop pest (S1 Table) . Another 32 specimens could be 167 placed to a genus while the other three could only be assigned to a subfamily (Aphidinae).
168 Overall, the 809 specimens included representatives of 30 genera, five subfamilies (Aphidinae, 169 Calaphidinae, Chaitophorinae, Eriosomatinae, Lachninae) of the Aphididae (S2 Table) . Members 170 of the Aphidinae were dominant (n=780) as the other four subfamilies were represented by just 171 29 specimens with Chaitophorinae and Lachninae each contributing one specimen (S2 Table) . 180 The 809 barcode sequences provided two or more records for 36 of the 42 species and single 181 records for the rest (Table 1, S1). Maximum K2P divergence values within species ranged from 182 0 -3.6% (mean=0.1%), while the within genus values were 0.8 -10.3% (mean=7.4%), and 183 within family (Aphididae) 3.7 -17.3% (mean=9.6%) ( Table 1) . Barcode gap analysis examined 184 the ability of barcodes to discriminate the 42 named species. With the exception of one species 248 Geo-distance correlations showed that the genetic divergence in almost half of the aphid species 249 increased with geographic distance while the others were unimpacted. Interestingly, the inclusion 250 of conspecific sequences from other regions also increased the incidence of BIN splits. Since 543 S1 Table. Plant-host family range for aphid species/BINs collected in Pakistan.
547 Table 1 Sequence divergence (K2P) in the COI barcode region for aphid species from Pakistan with more than three 548 specimens, genera with three or more species, and families with three or more genera. This analysis only considers 549 specimens that were assigned to a Linnaean species. 
